Motility is the most widely used indicator of sperm quality. Besides modulation by the cAMP pathway little is known regarding the intracellular pathways that regulate boar sperm motility. Recently the role of phosphatidylinositol 3-kinase (PI3-K) in the regulation of human sperm motility has been described. Therefore, the aim of this study was to investigate the role of PI3-K in boar sperm kinematics by using the specific PI3-K inhibitor, LY294002. Boar sperm was incubated up to 1 h in non-capacitating medium in the presence or absence of the cAMP analog, 8Br-cAMP or the PI3-K inhibitor, LY294002 or both. Boar sperm incubated in capacitating medium was treated in the presence or absence of LY294002. First, we have clearly identified that PI3-K is present in whole lysates of boar spermatozoa. Inhibition of PI3-K significantly increased boar sperm straight-line velocity, circular velocity and average velocity without an effect on the percentage of progressively motile spermatozoa in both media. Inhibition of PI3-K induced the same effects on boar sperm velocities as activation of the cAMP/protein kinase A (PKA) pathway and treatment with the PI3-K inhibitor, LY294002 had neither summatory nor synergic effects on boar sperm motion parameters when treated simultaneously with the cAMP analog 8Br-cAMP. Our data suggest that PI3-K plays a negative role, regulating boar sperm motion parameters through a possible inhibition of the cAMP/PKA activating pathway, and since some Computer Aided Sperm Analysis (CASA)-derived parameters have been related to field fertility our results point to the possibility of modulating sperm motile quality by modifying the PI3-K cellular pathway. 
Introduction
Motility is an important function of the mature male gamete and is widely used as an indicator of semen quality, and therefore a knowledge of signal transduction pathways regulating sperm motility is important to gain insight into new methods to increase the fertilizing ability of semen samples, especially those subjected to biotechnological techniques such as cryopreservation. It has been known for a long time that a bicarbonate-sensitive adenylyl cyclase system regulates sperm motility in mammalian spermatozoa (Okamura et al. 1985) . Furthermore, recent studies have revealed that incubation under in vitro capacitation conditions in a medium with bicarbonate and calcium induces alterations in boar spermatozoa, including a rise in the intracellular concentration of cAMP (Harrison & Miller 2000 , Harrison 2003 ) and changes in motility (Holt & Harrison 2002) . Moreover, a recent study has shown that agents that increase intracellular levels of cAMP (e.g. cAMP cell-permeable analogs highly resistant to hydrolysis by phosphodiesterases) stimulate boar sperm motility (Holt & Harrison 2002) . In summary, these studies have shown that sperm motility is critically controlled through modulation of protein kinase A (PKA) activity, achieved by alterations in the intracellular concentration of the messenger molecule, cAMP brought about by changes in adenylyl cyclase activity in boar spermatozoa (Holt & Harrison 2002 ).
In addition, there is increasing evidence suggesting a role for different kinases and phosphatases regulating sperm motility (Tash & Bracho 1994 , Vijayaraghavan et al. 2000 , Luconi et al. 2001 , NagDas et al. 2002 . Recently, the presence of the phosphatidylinositol 3-kinase (PI3-K) has been demonstrated in mouse, hamster and human spermatozoa (Feng et al. 1998 , NagDas et al. 2002 . This family of dimeric enzymes, consisting of a catalytic (p110) and a regulatory subunit (p85), catalyzes the transfer of the g-phosphate group of ATP to the D3 position of phosphoinositides (Wymann & Pirola 1998 , Anderson & Jackson 2003 . Moreover, besides the production of D3 phosphorylated lipids, PI3-K has an intrinsic protein serine-threonine kinase activity (Wymann & Pirola 1998 , Anderson & Jackson 2003 . PI3-K is widely expressed in somatic cells and plays an important role in mitogenic signaling and cell survival, cytoskeletal remodeling, metabolic control and vesicular trafficking (Wymann & Pirola 1998 , Anderson & Jackson 2003 . In human spermatozoa, inhibition of PI3-K with two structurally unrelated inhibitors, LY294002 and wortmannin, suggests a negative role for PI3-K in the regulation of the motility process (Luconi et al. 2001 , NagDas et al. 2002 , du Plessis et al. 2004 . Moreover, inhibition of PI3-K results in an increase in intracellular cAMP levels and in tyrosine phosphorylation of the PKAanchoring protein, AKAP3 in human sperm, which finally results in stimulation of the PKA binding to AKAP3 in sperm tails through the regulatory subunit RIIb . The requirement of PKA binding to AKAP3 for sperm motility was confirmed by the reduction of motility induced by an inhibitor of RIIb-AKAP3 binding .
These results strongly suggest that the PI3-K pathway converges negatively on the cAMP/PKA pathway for the regulation of human sperm motility. To date there are no studies in the literature regarding the role of the PI3-K intracellular pathway and its possible interaction with the cAMP/PKA pathway in the regulation of boar sperm motility. Therefore, the aim of this study was to determine whether PI3-K is present in boar sperm and to study its role and relationship with the cAMP/PKA pathway in the regulation of boar sperm motility.
Materials and Methods

Materials
Triton X-100 and deoxycholic acid were from Sigma; LY294002 from Calbiochem, La Jolla, CA, USA; anti-rat PI3-K antibody (rabbit whole antiserum) from Upstate Biotechnology, Inc., Lake Placid, NY, USA; Tris/glycine/SDS buffer (10 times concentrated) and Tris/glycine buffer (10 times concentrated) from BIO-RAD; Hyperfilm ECL from Amersham; enhanced chemiluminescence detection reagents and anti-mouse IgG-horseradish peroxidase conjugate from Pierce, Rockford, IL, USA; and nitrocellulose membranes from Schleicher & Schuell, Keene, NH, USA.
Media
Sperm capacitating medium, Tyrode's complete medium (TCM) (Green & Watson 2001) consisted of 96 mM NaCl, 4.7 mM KCl, 0.4 mM MgSO 4 , 0.3 mM NaH 2 PO 4 , 5.5 mM glucose, 1 mM sodium pyruvate, 21.6 mM sodium lactate, 0.5 mM CaCl 2 , 10 mM NaHCO 3 , 20 mM Hepes (pH 7.45) and 3 mg/ml BSA. TCM was equilibrated with 5% CO 2 . A variant of the TCM medium were made by omitting CaCl 2 and NaHCO 3 and was termed Tyrode's basal medium (TBM). All Tyrode's media were prepared on the day of use and maintained at an osmolality of 290-310 mOsm/kg at pH 7.45 at 398C.
Collection and washing of semen
Commercial artificial insemination (AI) doses, from Duroc boars of proven fertility and routinely used for AI, diluted to 30 £ 10 6 sperm cells/ml, in 80 ml of a commercial extender (MR-A; Kubus, Madrid, Spain), and stored for 12 h at 178C were obtained from Semen Porcino, Andalucia, SL (Spain). In order to minimize individual boar variation, samples were pooled, using semen from up five boars. Semen was centrifuged once (3 min, 1200 g) and washed twice with TBM. Samples of 1.5 ml containing 1 £ 10 8 spermatozoa/ml were pre-incubated for 30 min at 398C in TBM with LY294002 (100 mM) or 0.1% DMSO. After this pre-incubation time, samples were centrifuged at 1200 g for 3 min and extended in 1.
(100 mM) and incubated for 1 extra hour at 398C. The experiments were repeated seven times on seven different days. Preliminary dose -response experiments were performed to select the concentration of DMSO that did not significantly compromise sperm viability.
Identification of PI3-K
Samples (1 ml) were washed with PBS and sonicated for 5 s at 48C in lysis buffer: 50 mM Tris/HCl, pH 7.5, 150 mM NaCl, 1% Triton X-100, 1% deoxycholate, 1 mM EGTA, 0.4 mM EDTA, 2.5 mg/ml aprotinin, 2.5 mg/ml leupeptin, 1 mM phenylmethylsulfonyl fluoride and 0.2 mM Na 3 VO 4 . The homogenate was centrifuged at 10 000 g (15 min, 48C) and supernatants containing soluble proteins in non-ionic (Triton X-100) and ionic detergents (deoxycholate) were used to analyze protein content in boar spermatozoa.
Proteins in precleared whole cell lysates were resolved in duplicate by SDS-PAGE and transferred to nitrocellulose membranes. Western blotting was performed as previously described (Aparicio et al. 2003) using 1:750 anti-rat-PI3-K whole antiserum as primary antibody. The density of bands was measured using a scanning densitometer (Molecular Dynamics, Sunnyvale, CA, USA) as previously described ).
Motility analysis
Analysis was based on the examination of 25 consecutive digitalized images obtained from a single field using a £ 20 negative-phase contrast objective. Images were taken with a time lapse of 1 s -the image capture speed was therefore one every 40 ms. The number of objects incorrectly identified as spermatozoa was minimized on the monitor by using the playback function. With respect to the setting parameters for the CASA program, an object with an average path velocity (VAP) , 10 mm/s was considered immobile, while objects with a velocity .15 mm/s were considered motile. Objects with velocities between 16 and 35 mm/s were considered as medium speed objects; those with a velocity . 35 mm/s were considered rapid objects. Spermatozoa deviating , 10% from a straight line were designated linear motile. Table 1 shows the sperm motility descriptors (based on those described by Mortimer (2000) ) obtained by CASA analysis.
Statistical analysis
The means and S.E.M. were calculated for descriptive statistics. Data were first tested using a Kolmogorov-Smirnov test to determine the normality of the data distribution. In view of the Gaussian distribution of the data gathered, a multivariate ANOVA was used followed by the Scheffé test to determine the effect of the PI3-K inhibitor and the cAMP analog or both on boar sperm kinematics. All analysis were performed using SPSS version 11.1 for Windows software (SPSS, Inc., Chicago, IL, USA). The level of significance was set at P # 0.05.
Results
Identification of PI3-K in boar spermatozoa
We first established that PI3-K was present in boar spermatozoa. Class I PI3-Ks are heterodimers of approximately 200 kDa, composed of a 110-120 kDa catalytic subunit tightly and constitutively associated with a 50 -100 kDa regulatory subunit, of which p85 is the prototype (Wymann & Pirola 1998) . We performed a Western blot using an antiserum against the regulatory subunit of class I PI3-K (Fig. 1) . The anti-PI3-K regulatory subunit antibody recognized three protein bands of approximately 100, 85 and 65 kDa in whole cell lysates of boar spermatozoa (Fig. 1, lanes 1 and 2) . These results can be explained by the fact that three genes have been identified for class IA PI3-K regulatory subunits, namely those coding for p85a, p85b and a p55PIK (Wymann & Pirola 1998 , Anderson & Jackson 2003 . Moreover, the p85a mRNA can be alternatively spliced giving rise to a 53 -55 kDa protein termed p55 or p55/AS53 (Wymann & Pirola 1998 , Anderson & Jackson 2003 . Both p85 and p55 may carry a 24-nucleotide insertion, which results in an eight-amino acid insert (Wymann & Pirola 1998 , Anderson & Jackson 2003 . These can be confirmed from the data obtained with whole control cell lysates from pancreatic acini and A431 cells showing different isoforms of the PI3-K regulatory subunit: p85 þ8aa , p85 and p55 (Fig. 1, lanes 3 and 4  respectively) . The 65 kDa protein band recognized in boar spermatozoa lysates could be identified as the p55PIK regulatory subunit, which is expressed mainly in male reproductive tissues (Pons et al. 1995 , Wymann & Pirola 1998 , Anderson & Jackson 2003 .
Involvement of different intracellular pathways in boar spermatozoa kinematics
Current knowledge indicates that sperm motility is critically controlled through modulation of PKA activity (Holt & Harrison 2002 ). This modulation is achieved by alterations in the intracellular concentration of cAMP, and two important effectors of motility in the sperm's environment, 
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Measures the number of lateral oscillations of the sperm head around the mean trajectory Figure 1 Immunoblot analysis of whole cellular lysates with anti-PI3-K antibody; 15 mg of proteins from precleared whole cell lysates were loaded in each lane, resolved in duplicate by SDS-PAGE and transferred to nitrocellulose membranes. Western blotting was performed as described in Materials and Methods. Lanes 1 and 2, boar spermatozoa (1 ml, 1 £ 10 8 cells) were washed and sonicated in lysis buffer and supernatant containing soluble proteins in non-ionic (Triton X-100) and ionic detergents (deoxycholate) were used to analyze protein content. Lanes 3 and 4, as control we used whole cell lysates from rat pancreatic acini and A431 cells in which the presence of the regulatory subunit of PI3-K has been previously identified. Our results show that treatment of boar spermatozoa with the cAMP analog, 8Br-cAMP (1 mM, 1 h), or incubation in a capacitation medium (TCM, 1 h), with bicarbonate and calcium, or treatment with the specific PI3-kinase inhibitor, LY294002 (100 mM, 1 h) did not modify the percentage of motile or progressive motile spermatozoa compared with sperm incubated in TBM alone (Fig. 2) .
To determine whether the effect of the cAMP analog could be associated with changes in boar sperm kinematics we have determined these parameters by CASA after 1 h treatment with 8Br-cAMP (1 mM). As shown in Table 2 a significant effect of 8Br-cAMP was observed on curvilinear velocity (VCL), linear velocity (VSL), mean velocity or VAP, wobble coefficient (WOB), lateral head displacement (ALH) and frequency of head displacement (or beat cross-frequency, BCF), whereas no significant effects were detected on linearity coefficient (LIN) and straightness coefficient (STR). Similar results were obtained when boar spermatozoa were incubated in TCM (Table 3) , which is in agreement with the fact that incubation under in vitro capacitation conditions increases intracellular cAMP levels in boar sperm (Gadella & Harrison 2000 .
We next investigated the effect of the specific PI3-kinase inhibitor, LY294002 on boar spermatozoa kinematics. The treatment of boar spermatozoa with LY294002 (100 mM, 1 h) caused a clear and significant increase in VCL, VSL, VAP, LIN and WOB, whereas no significant effects were detected on STR, ALH or BCF. The modification of sperm motion parameters observed after LY294002 treatment was similar to the results observed in samples treated with 8Br-cAMP (Table 2) or incubated in TCM (Table 3) .
Finally, we wanted to know the combined effect of these treatments on boar sperm motion parameters. Inhibition of PI3-K in spermatozoa treated with 8Br-cAMP induced a modification in sperm kinematics similar to the results obtained in sperm treated only with the analog of cAMP without any synergic effect (Table 2) . Moreover, incubation of boar spermatozoa with the PI3-K inhibitor, LY294002 in a capacitation medium induced a significant increase in VCL, VSL, VAP, WOB, ALH and BCF (Table 3) , which was similar to the Table 2 Effect of the cAMP analog 8Br-cAMP or the PI3-K inhibitor LY294002 on boar sperm motion parameters incubated 1 h in TBM. Sperm was washed, incubated in a non-capacitating medium (TBM) for 1 h at 398C in the absence or presence of 8Br-cAMP (1 mM) or LY294002 (100 mM) or both. Values are means^S.E.M. of seven independent experiments in duplicate. increase obtained after incubation with 8Br-cAMP in TBM (compare Tables 2 and 3) .
Discussion
In the present study we show that PI3-K protein is present in boar spermatozoa and that the inhibition of PI3-K activity by LY294002 induces a significant modification of different boar sperm motion parameters without any effect on total or progressively motile spermatozoa. We additionally show that both inhibition of the PI3-K pathway and activation of the cAMP pathway have similar effects on boar sperm motion parameters without any synergic effects, suggesting a close cross-talk between both signaling pathways. The presence of PI3-K regulatory subunit has been reported in human and hamster spermatozoa as an unique band of 85 kDa and identified as the p85 regulatory subunit of class IA PI3-K (NagDas et al. 2002 , Nauc et al. 2004 . However, immunoblotting experiments strongly suggest the presence of at least two isoforms of the PI3-K regulatory subunit in boar spermatozoa (Fig. 1) . The high molecular weight protein bands present in whole boar sperm lysates could be identified as the p85 PI3-K regulatory subunit, with or without the eight-amino acid insert (Wymann & Pirola 1998 , Anderson & Jackson 2003 , as compared with the p85 PI3-K regulatory subunit present in control cells, pancreatic acini and A431 cells (Fig. 1) . However, the low molecular weight protein band present in whole boar sperm lysates has not correspondence with the p55 PI3-K regulatory subunit present in rat pancreatic acini (Fig. 1) . A possible explanation could be the presence in boar spermatozoa of the new PI3-K regulatory subunit, p55PIK that is abundant in adult testis tissue (Pons et al. 1995 , Wymann & Pirola 1998 . In summary, our results show for the first time the presence of the p85 PI3-K regulatory subunit in boar spermatozoa in addition to a second regulatory subunit of approximately 60 kDa probably related to the p55PIK regulatory subunit. However, further experiments will be necessary to identify exactly this regulatory subunit of PI3-K present in boar spermatozoa.
Most of the studies in boar semen have used CASA systems just to make an objective measurement of motility (Abaigar et al. 1999 , Eriksson et al. 2001 , Peñ a et al. 2003a . Although the technology to objectively measure this intrinsic ability of sperm cells has improved in recent years, the practical meaning of the changes in the motion parameters of the spermatozoa observed in our experiment is difficult to interpret, since few experiments have been addressed at determining the real meaning of the changes of sperm kinematics. Nevertheless, accuracy and precision of CASA systems has allowed detection of subtle changes in sperm motion and the subsequent improvement of discrimination among treatments in laboratory studies of new seminal extenders, cryopotectants, or other steps of aliquots processing (e.g. centrifugation) of a given sperm suspension (Amann & Katz 2004) . A more objective determination of motility is important since this parameter can be considered like a functional test, as the exact motion parameter that is shown by a cell is a direct determination of the energy status of this sperm (Quintero-Moreno et al. 2004) . As a result, the CASA-subjected study of motility can be included in the group of functional tests that can be considered as useful for in vivo predictive evaluation of an ejaculate (Quintero-Moreno et al. 2004) . In this sense, our mean values obtained in boar sperm motion parameters incubated in control conditions, noncapacitation medium (TBM) for 1 h at 398C (Table 2) , are within the range obtained by others authors (Holt et al. 1996 , Abaigar et al. 1999 , Quintero-Moreno et al. 2004 , which supports the use of this experimental approach to study the possible involvement of the PI3-K intracellular pathway in the regulation of motility of boar spermatozoa.
Recent results show an important role for PI3-K in human and hamster sperm motility (Luconi et al. 2001 , NagDas et al. 2002 , du Plessis et al. 2004 . However, the effect of the inhibition of PI3-K is different depending on the species under study; inhibition of this kinase triggers an increase in human sperm motility, including hyperactivation (Luconi et al. 2001 , du Plessis et al. 2004 , whereas its inhibition decreases the hyperactivation during capacitation of hamster sperm motility (NagDas et al. 2002) .
Our results show no effect of PI3-K inhibition in the percentage of progressively motile spermatozoa, and this differs from human studies in which the inhibition of PI3-K leads to an increase in the percentage of progressively motile spermatozoa (Luconi et al. 2001 , du Plessis et al. 2004 . This fact may be due, at least partially, to a more abaxial insertion of the boar sperm flagellum leading the spermatozoa of this species to a less linear pattern of motility (Briz et al. 1995) . However, a significant increase of sperm velocities, VCL, VAP and VSL was observed in boar spermatozoa treated with the PI3-K inhibitor, LY294002, which is in agreement with the results obtained in human sperm using the same inhibitor (Luconi et al. 2001 ). Significant increases were observed also in other motility descriptors such as LIN and WOB when incubated in the basal media (TBM) in the presence of LY294002. Our results show that the PI3-K pathway negatively regulates boar sperm motion parameters and at the same time confirm previous studies in human semen (Luconi et al. 2001 , du Plessis et al. 2004 . It is interesting to note that PI3-K inhibition presents similar effects to the freezing-thawing process in the kinematics of boar sperm (Peñ a et al. 2003b) . Current knowledge of boar spermatozoa indicates that motility is controlled by activating adenylyl cyclase to produce increased levels of cAMP, which activate PKA (Holt & Harrison 2002) . Moreover, one important effector of motility in the sperm's natural environment, bicarbonate, has been identified as direct activator of a bicarbonatesensitive adenylyl cyclase (Wuttke et al. 2001) . A recent study in human sperm has shown that inhibition of PI3-K results in an increase of intracellular cAMP levels and these authors therefore propose that PI3-K negatively regulates human sperm motility by interfering with the cAMP/PKA intracellular pathway . Our results using 8Br-cAMP, TCM, LY294002 or these treatments simultaneously, suggest that the involvement of the PI3-K pathway in boar sperm motility is related to a negative effect in the cAMP/PKA pathway. This conclusion is based on the following results: (i) activation of the cAMP/PKA pathway or inhibition of the PI3-K pathway had the same effects on boar sperm motion parameters; (ii) PI3-K activity inhibition had neither summatory nor synergic effects on boar sperm motion parameters when they were treated in the presence of the cAMP analog 8Br-cAMP; and (iii) the effect on motion parameters by natural activation of the cAMP/PKA pathway after incubation in a capacitation medium with bicarbonate was not modified by inhibition of the PI3-K pathway in boar spermatozoa.
In summary, our results allow us to conclude that the PI3-K pathway seems to play a negative role in the regulation of boar sperm motion parameters. This work suggests the plausible modulation of boar sperm motility by specific inhibition of the PI3-K pathway.
